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With its unique structure and dynamic development, the Drosophila eye has been a powerful genetic model system for studying molecular
mechanisms of cell fate specification and differentiation. Hundreds of genes that function in a complex genetic network controlling this
process have been identified during the past two decades. To further advance our understanding of the molecular mechanisms of eye
development, it is increasingly important to place the current genetic pathway into a whole-genome perspective. Here, we review emerging
technologies and strategies that will help to achieve this goal, including generation of a complete mutant set in Drosophila, genome-wide
transcription factor target identification, and systematic studies of gene function aided by computational biology.
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The Drosophila compound eye has many advantages as a
model system to study development. It is composed of about
750 identical unit eyes, or ommatidia, that are organized in a
precise hexagonal array (Ready et al., 1976). Each ommati-
dium consists of eight photoreceptor neurons (termed R1–
R8) and twelve accessory cells of varying function, and the
twenty cells of each ommatidium are arranged in an identical
pattern. Due to these unique features, phenotypes from
mutations that affect ommatidial construction are amplified
and therefore can be easily observed, making it particularly
suitable for forward genetic screens. Development of the
precisely reiterated pattern observed in the adult Drosophila
eye is highly coordinated and tightly controlled. Retinal
development initiates during larval stages in structures0012-1606/$ - see front matter D 2005 Elsevier Inc. All rights reserved.
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E-mail address: gmardon@bcm.tmc.edu (G. Mardon).known as eye imaginal discs, which are epithelial monolayers
that are set aside during late embryogenesis. After a
proliferative stage in which the eye disc is undifferentiated
and unpatterned, an indentation in the epithelium, the
morphogenetic furrow (MF), sweeps across the eye disc
during late larval and early pupal stages (Ready et al., 1976;
Wolff and Ready, 1993). The MF begins at the posterior
margin of the eye disc and traverses anteriorly, leaving in its
wake presumptive photoreceptor neurons (Tomlinson and
Ready, 1987a). The MF coordinates many events that allow
the transition from an undifferentiated epithelium to differ-
entiated cell types. To date, over 200 genes that are involved
in MF movement and subsequent retinal cell differentiation
have been identified and molecularly characterized, making
Drosophila eye formation one of the most well-studied
developmental systems (http://flybase.bio.indiana.edu/
allied-data/lk/interactive-fly/aimorph/eye.htm). Detailed
analysis of these genes reveals a highly complex and tightly
regulated genetic network that is likely to involve up to
3000–5000 genes (Thaker and Kankel, 1992). Although282 (2005) 285 – 293
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such as cell proliferation, a significant portion of these genes
play specific roles in retinal development. For example, there
are about 400 genes that are expressed at a much higher level
(more than threefold) in the eye disc than in other imaginal
discs (our unpublished data). In addition, extensive cross-talk
among different cell types also plays critical roles during cell
fate determination and differentiation, adding another layer of
complexity in the genetic network (reviewed in Voas and
Rebay, 2004; Wolff, 2003). In this review, we will summarize
three areas that are likely to have a significant impact on the
field of Drosophila eye development during the next decade,
with an emphasis on genome-scale approaches.Toward a complete Drosophila eye development gene set
Despite many successful genetic screens for mutations
affecting Drosophila eye development in the last two
decades, it is likely that only a small portion of all such
genes have been identified and molecularly characterized.
For example, only seven genes controlling early retinal cell
fate specification and determination have been identified
(reviewed in Pappu and Mardon, 2004). To gain a
comprehensive understanding of the molecular mechanisms
controlling Drosophila eye development, it is essential to
obtain a nearly complete list of genes involved in this
process. This goal can be achieved by two approaches. First,
the effect of mutating each gene in the genome during
retinal development can be systematically analyzed for all
genes where loss-of-function mutant alleles are available.
Second, powerful genetic screens can also be conducted to
identify additional retinal development genes. Both methods
will be greatly accelerated by progress of several ongoing
genome-wide mutagenesis projects. A complete mutation
set generated from these projects will serve as a starting
point for systematic studies and also facilitate the character-
ization of new mutations obtained from genetic screens.
Currently, three major techniques can be used to generate
mutations in the vast majority of genes in Drosophila:
transposable element-mediated mutagenesis, gene targeting
using homologous recombination, and chemical or radia-
tion-mediated mutagenesis. One method that is currently
part of an ongoing effort of the Drosophila Genome
Disruption Project is to use transposable P-element-medi-
ated mutagenesis (Cooley et al., 1988; Spradling and Rubin,
1982). P-elements tend to insert close to genes with more
than two thirds of all P-element insertions within 400 base
pairs of a transcription start site (Bellen et al., 2004;
Spradling et al., 1999). This feature makes it easy to
generate mutations in nearby genes by ‘‘local hopping’’ or
imprecise excision of the inserted P-element (reviewed in
Adams and Sekelsky, 2002). Currently, about 65% of all
genes in the Drosophila genome already have P-element
insertions nearby and it is expected that more than 80% of
all fly genes will be tagged with a P-element in the nearfuture (Bellen et al., 2004). However, due to the insertional
preference of P-elements, about 10–20% of all genes will
not be hit by P-elements. In addition, it is difficult to
generate certain types of mutations through P-element
insertion and excision, such as point mutations (for more
detailed review of P-element and other transposable
element-mediated mutagenesis methods, see Ryder and
Russell, 2003). Therefore, complementary strategies are
necessary to obtain a complete mutant collection of all
genes in Drosophila. Recently developed homologous
recombination-based gene targeting in Drosophila offers
an alternate method for generating mutant alleles in genes of
interest that are refractory to P-element insertion. To date,
two strategies have been applied successfully: ‘‘ends-in’’
insertional gene targeting and ‘‘ends-out’’ replacement gene
targeting (reviewed in Adams and Sekelsky, 2002; Gong
and Golic, 2003). In addition to insertions and deletions,
point mutations can also be generated with this approach.
However, gene targeting is relatively time and labor
intensive and is currently not an efficient method for
generating an allelic series for a large number of genes.
Finally, over the decades, thousands of fly stocks carrying
chemical or radiation-induced mutations have been accu-
mulated by the Drosophila research community, ranging
from point mutations to large chromosomal rearrangements.
Although this approach has been one of the most cost-
effective ways to generate an allelic series of mutations,
subsequent mapping and characterization of chemical or
radiation-induced mutations is often laborious and time-
consuming. For example, in the public Drosophila stock
collection alone, there are more than 200 different mutants
with eye defects that have not been molecularly charac-
terized. Fortunately, the recent development of several
resources and novel technologies is likely to help circum-
vent this problem. First, a molecularly defined chromosomal
deletion set that covers most of the genome will soon be
available (Parks et al., 2004; Ryder et al., 2004). Nested
deletions of 140 kb to 600 kb in size have been generated by
recombination between two nearby P-elements. Combined
with the traditional deficiency set, one can quickly map
most mutations with high resolution. Second, P-element and
single nucleotide polymorphism (SNP)-based methods can
be used to conduct rapid and high-resolution fine mapping
and usually narrow the position of a mutation to less than 50
kb (Berger et al., 2001; Martin et al., 2001; Nairz et al.,
2002; Zhai et al., 2003). Third, mutation detection methods
such as TILLING can be used to rapidly detect single
nucleotide changes in mutated alleles (Stemple, 2004). In
addition to TILLING, other high-throughput mutation
detection methods, such as sequencing using microarrays,
are expected to become feasible in the near future and make
the mapping process more efficient and less expensive. In
summary, the combination of transposon-induced muta-
genesis, homologous recombination-mediated gene target-
ing, and chemical mutagenesis, will produce loss-of-
function mutations for the vast majority of the genes in
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conjunction with techniques such as RNAi (Kuttenkeuler
and Boutros, 2004), which can be used to knock down a
family of genes simultaneously as well as genes that fail to
be mutated by techniques described above, identification of
nearly all genes involved in Drosophila eye development
will soon be feasible.
Complementing traditional multi-generation screens,
powerful F1 genetic screens for recessive eye phenotypes
has further bolstered the toolkit of Drosophila retinal
biologists (Newsome et al., 2000). As shown in Fig. 1,
flies that are homozygous for a mutation or mutagenized
chromosome arm in an otherwise heterozygous background
can be easily generated using the FLP–FRT system under
the control of eyeless-FLP. Recessive mutations that cause
developmental or functional defects in the eye can be
readily identified in living animals. Using this approach,
recessive lethal mutations that affect normal eye develop-
ment can be recovered since the eye is not essential for
either viability or fertility. By taking advantage of the new
mapping techniques described above, including deficiency
stocks, P-element mapping, and high-throughput mutation
detection, mutations isolated in such screens can be
efficiently assigned to specific genes. A caveat of this type
of screen for retinal development genes is that since it is
estimated that about one third of all genes cause a disrupted
or ‘‘rough’’ eye phenotype when mutated, morphology alone
is not a sufficient criterion for selecting mutants. Instead,
assays other than rough eye formation must be developed to
identify mutants of interest, such as functional or behavioral
assays. Another limitation of this approach is that manyMutagenesis
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Fig. 1. Strategy for an eye-specific F1 recessive genetic screen. Wild-type parental
FLP. Both parental flies are also homozygous for an FRT for one chromosome arm
precursor cells, heterozygous flies with homozygous mutant eyes are generated igenes, when mutated alone, do not exhibit phenotypes that
can be easily detected. Fortunately, F1 modifier screens are
an effective method to identify genes that are likely to play a
role in eye development but either act redundantly with
another factor or simply produce a phenotype too subtle to
score in a wild-type background (our unpublished observa-
tions). The new molecularly defined deletion collection
provides a rapid means to screen the majority of the
Drosophila genome as a first step for such modifier screens.
Once a deletion is identified that modifies a starting
phenotype, mutations for all genes that fall within such a
deletion can be rapidly screened, highlighting the utility of a
complete mutant gene set.
In summary, rapid progress in gene disruption projects
and more effective mapping techniques are likely to
accelerate the identification of genes involved in retinal
development using forward genetics. However, since not all
genes involved in retinal development exhibit phenotypic
changes that can be easily observed when mutated,
complementary approaches, such as molecular interaction
screens and expression profiling, may be required to obtain
a nearly complete list of genes involved in retinal develop-
ment in Drosophila.Transcription factor target identification
Tightly orchestrated regulation of gene expression is one
critical mechanism governing cell differentiation during
Drosophila eye development. Many of the genes known to
control this process encode transcriptional factors (TFs)LP
x
rest of the fly
heterozygous
FRT
(P) male flies are mutagenized and crossed to female flies carrying eyeless-
. As a result of somatic chromosomal recombination at the FRT site in retinal
n the F1. Induced mutations are indicated with an ‘‘x.’’
Fig. 2. Genetic pathway controlling Drosophila retinal development. Key
genes in the genetic pathway controlling retinal cell fate determination in
Drosophila are illustrated. A primarily linear pathway initiates RD gene
expression, although many positive feedback loops are also observed.
Additional genes likely to be members of the RD network are shown (box).
The RD network also interacts with conserved signaling pathways
including hh, dpp, and wg.
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and together form a ‘‘code’’ that dictates the developmental
program for each cell type. For example, expression of the
retinal determination gene eyeless is restricted to the
undifferentiated retinal cells anterior to the MF and loss of
eyeless function completely blocks retinal development
(Quiring et al., 1994). Moreover, ectopic expression of
eyeless is sufficient to induce complete and properly formed
eyes on all the major appendages of the fly (Halder et al.,
1995, 1998). Therefore, detailed studies of the function of
this and many other transcription factors are crucial for
understanding the molecular mechanisms of Drosophila eye
development. Unfortunately, direct downstream targets for
most retinal TFs are not known, representing one of the
most significant gaps in our understanding of retinal
biology. Although eyeless and its vertebrate homolog
Pax6 function during multiple stages of retinal development
and presumably regulate many downstream targets directly,
only one direct target of Eyeless in Drosophila and two of
Pax6 in vertebrates have been identified thus far (Ashery-
Padan et al., 2000; Kamachi et al., 2001; Niimi et al., 1999;
Punzo et al., 2002). In this section, using eyeless as an
example, we will discuss three independent, genome-wide
approaches that are likely to help fill this gap.
Gene expression profiling is a powerful approach for
genome-wide identification of candidate target genes. It is
particularly suitable for the study of eyeless since ectopic
eyeless expression is sufficient to induce ectopic eye
formation in most imaginal tissues. Therefore, by simply
comparing gene expression in wild-type imaginal discs to
those that express eyeless ectopically, genes that are
positively regulated by eyeless can be identified. One recent
study in which eyeless was misexpressed in leg discs,
followed by microarray analysis, identified over 350
putative downstream targets that are positively regulated
by eyeless (Michaut et al., 2003). One problem with this
approach is that many genes that are not specific to retinal
development are also up-regulated by ectopic eyeless
expression, such as genes involved in cell proliferation.
This problem can be largely overcome by conducting gene
expression profiling in multiple tissues and considering only
those genes that are consistently up-regulated by eyeless as
true candidates. In addition, genes that are not normally
expressed in eye discs can also be excluded. Another
problem with an expression profiling strategy is that both
direct and indirect targets will be identified. To distinguish
these two groups, a combination of microarray and genetic
approaches can be applied. In the case of eyeless, ectopic
eye induction is blocked in the absence of eyes absent, sine
oculis, or dachshund function (Chen et al., 1997). Under the
assumption that up-regulation of direct Eyeless targets will
not depend on these downstream genes, only genes that
continue to be induced by eyeless in these mutant back-
grounds are considered candidate direct targets. Based on a
similar logic, gene expression profiles can be obtained in
many combinations of mutant and ectopic expressionbackgrounds and can be used to quickly and systematically
assign genes to different levels of a genetic pathway. For
example, genes that are specific to R8 development may be
identified by examining gene expression in both atonal and
senseless mutants. Indeed, this approach has been success-
fully used to identify direct Dorsal targets by examining
gene expression in various mutants that affect Dorsal protein
levels during embryogenesis (Stathopoulos et al., 2002).
Although retinal development in Drosophila is not con-
trolled by a simple linear pathway, these types of experi-
ments provide a means to grossly order gene function at a
genome-wide level and can serve as a basis for more
detailed studies.
Although a powerful approach, gene expression profiling
is limited by our relatively poor understanding of the genetic
pathways controlling retinal development. For example,
only seven genes have been identified in the retinal
determination pathway which can be roughly divided into
three levels, with twin of eyeless (toy) and eyeless at the top,
eya and so in the middle, and dachshund at the bottom
(Chen et al., 1997; Pignoni et al., 1997) (Fig. 2). Each level
is likely to contain many additional genes. In addition,
additional parallel pathways and feedback loops have been
proposed in this genetic network, indicating that the
regulation of gene expression is complex. As a result, the
number of genes whose expression levels change when
altering the expression of a known gene, such as eyeless, is
large and remains relatively large even when combined with
mutations in known genes at other levels, such as so or eya.
As a result, potential targets identified by this approach are
often too numerous for each to be analyzed in detail. In
addition, gene expression alone cannot conclusively dis-
tinguish direct and indirect targets. The recent development
of direct chromatin profiling provides an independent
avenue to identify potential direct targets on a genomic
scale (Harbison et al., 2004; Lee et al., 2002). One important
advantage of the chromatin profiling approach is that it is
based solely on direct DNA–protein interaction and
requires no prior knowledge of the genetic pathway,
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previously described. To date, two systems have been
reported for direct chromatin profiling, chromatin immuno-
precipitation (ChIP) and DNA methylase identification
(DamID) (Lee et al., 2002; van Steensel et al., 2001). Both
methods can be applied to the entire genome by using DNA
microarray technology as the target enrichment detection
step, and each has distinct advantages and disadvantages.
ChIP on chip was first developed in yeast and has been used
to systematically identify target sites for more than 200
transcription factors. Cross referencing with data generated
from other independent experiments suggests that more than
90% of the data are accurate (Lee et al., 2002). The false-
positive rate observed with individual techniques can be
reduced by combining them with additional information,
such as phylogenetic conservation data, as illustrated by the
recent comprehensive study of transcription factor binding
sites in Saccharomyces cerevisiae (Harbison et al., 2004).
DNA around binding sites for 203 transcription factors was
enriched by ChIP and then detected by a genomic DNA
microarray containing all the intergenic regions of the yeast
genome. Subsequent analysis revealed nearly 11,000 pro-
tein–DNA interactions with high confidence and allowed
construction of several global gene regulation networks
controlling numerous biological processes. For example, by
integrating expression microarray data such as the cell cycle
data set, the function of all known cell cycle transcriptional
regulators has been correctly assigned without input of prior
knowledge (Lee et al., 2002). This combined approach, after
some optimization, is likely to greatly accelerate our
understanding of genetic networks in higher organisms
such as Drosophila. Although gene-specific ChIP experi-
ments have been conducted in Drosophila using both
embryos and imaginal discs, genome-wide ChIP on chip
experiments have not been reported. However, recent
progress in genomic technologies, such as the availability
of cost-effective, high-density oligo arrays, makes such an
approach feasible. In contrast to ChIP, DamID does not rely
on immunoprecipitation but instead is based on DNA
methylation to enrich protein binding sites (van Steensel
et al., 2001). The transcription factor of interest is fused to
the Dam enzyme and introduced into flies or cell lines.
Genomic regions that bind to the fusion protein will be
methylated and can be specifically cut by DpnI. Oligonu-
cleotide linkers are then ligated to the blunt ends generated
by DpnI digestion and Ligation-Mediated PCR is used to
amplify these methylated regions. Since about two thousand
bases around a binding site are methylated by the fusion
protein, this method has a lower resolution than ChIP but
requires much less starting material.
Finally, with the rapid progress of genome sequencing
projects, sequences of many organisms, including human
and Drosophila, have become available. This provides an
opportunity to study biological processes systematically and
makes it possible to conduct genome-scale analyses using
computational approaches. One good example is theidentification of transcription factor binding sites based on
a consensus sequence (Stormo, 2000). However, limited
success has been achieved using this approach alone in
higher organisms due to large genome sizes and the
complicated nature of gene regulatory modules (Wasserman
and Sandelin, 2004). Recently, two approaches have been
proposed to improve the accuracy of binding site searches.
In the first approach, instead of individual binding sites, cis-
regulatory modules regulated by a group of transcription
factors are identified. Multiple transcription factors often
bind to the same region and function cooperatively to
regulate gene expression. For example, during Drosophila
segmentation, expression of pair-rule genes is regulated by a
combination of maternal transcription factors and zygotic
gap proteins such as Bicoid, Caudal, Dorsal, Hunchback,
Kruppel, Knirps, and Tailless. By scanning the fly genome
for small regions that contain sites for several of these
transcription factors, about 150 candidate modules were
identified; a subset of these are functional in vivo (Rajewsky
et al., 2002). Similar approaches have been used to identify
genes containing dorsal mesoderm enhancers and down-
stream targets of Dorsal (Berman et al., 2002; Halfon et al.,
2002). The major disadvantage of this approach is that prior
knowledge of consensus binding sites is required and an
interactive group of transcription factors must be identified.
Although relatively low specificity and sensitivity can be
achieved using this approach alone, regulatory elements can
be efficiently identified when combined with data obtained
from other methods, such as gene expression profiling
(Stathopoulos et al., 2002). To further improve its utility, a
comparative genomic approach can be used to complement
this technique as discussed in the next section.In silico studies of gene function
A striking feature of current biological research is the use
of genome-wide approaches and the rapid progress of
genome-scale projects, including sequencing projects, gene
expression profiling, and proteomics. As a result, computa-
tional biology and bioinformatics has become an indispen-
sable tool to keep track and make sense of vast amounts of
data. In this section, we will discuss several in silico
approaches that we believe will make a direct impact on our
understanding of Drosophila eye development.
One of the important resources Drosophila researches
will obtain in the near future is the sequences of many
additional Drosophila genomes. In addition to Drosophila
melanogaster, the genome sequencing project for Droso-
phila pseudoobscura has been finished (Richard Gibbs,
personal communication). The National Human Genome
Research Institute (NHGRI) currently supports a number of
other Drosophila genome sequencing projects including D.
simulans, D. yakuba, D. ananassae, D. erecta, D. willi-
stoni, D. grimshawi, D. mojavensis, D. virilis, D. persimi-
lis, and D. sechelia and the draft assembly sequences for
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species were specifically selected so that they are at distinct
evolutionary distances from melanogaster, ranging from a
few million to 50 million years. Availability of these
sequence data will undoubtedly improve the accuracy and
sensitivity of identification of functional elements in the
Drosophila genome using a comparative genomics
approach. Comparative genomics is a fast-growing field
and has been particularly successful in the identification of
coding sequences in the genome, using software such as
Twinscan (Korf et al., 2001). In addition, comparative
genomics can also identify other functional elements, such
as non-coding genes and cis-regulatory elements that are
under selection. Due to functional constraint, sequences
around cis-regulatory elements are under negative selection
during evolution and can often be distinguished from nearby
sequences. For example, the genomic sequences of the
cystic fibrosis region from twelve vertebrates were obtained
and compared (Thomas et al., 2003). Many conserved non-
coding regions were identified and some correspond to
known regulatory elements. With multiple Drosophila
genome sequences, the accuracy of conserved element
identification should be dramatically improved. The main
limitation of this method is that segments of the genome
with functions other than gene regulation are also con-
served, causing a high false-positive rate when used alone.Fig. 3. A genome-wide approach to decipher the retinal determination network. A
from genetic screens and gene disruption projects) and other methods that do not re
motif discovery) will lead to the identification of additional genes and their do
interactions among these genes and their products using methods such as proteom
turn can produce testable hypotheses of gene function (indicated by dotted lines). M
wide genetic network controlling Drosophila eye development.Additional challenges that limit its utility include the
turnover of transcription factor binding sites, where a site
shifts to a nearby location within the locus, the difficulty of
aligning two distant genomes, and non-uniform evolu-
tionary rates across the genome. Nevertheless, it is likely
that reasonably accurate predictions can be obtained based
on multiple species comparisons, especially when combined
with other types of data such as gene expression profiles and
binding site consensus sequences (GuhaThakurta et al.,
2004).
Genes that are involved in Drosophila eye development
are tightly and dynamically regulated and understanding
mechanisms of their regulation is a central question. To date,
transgenic fly technology has been the primary method used
to isolate most known regulatory regions. However, this
method is relatively slow and often requires many iterations
of a labor-intensive and time-consuming protocol. As a
model system that can be easily manipulated using both
loss- and gain-of-function genetics, a combinatorial
approach of gene expression profiling, chromatin profiling,
and computational biology is likely to be more effective. As
described above, by conducting gene expression profiling in
multiple genetic backgrounds, it is possible to divide genes
that are co-regulated in the developing retina into sub-
groups. DNA motifs that are overrepresented in the non-
coding regions of each subgroup can then be identifiedcombination of forward genetics (systematic studies of mutants obtained
ly on a phenotypic assay (gene expression, chromatin profiling, and in silico
wnstream targets involved in retinal development. Systematic studies of
ics will lead to statistical models underlying the genetic network, which in
ultiple iterations of this process will lead to the establishment of a genome-
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1998). As shown in the budding yeast, many known and
novel motifs can be successfully identified using this
method. The accuracy of prediction can be further improved
by integration of sequence conservation data (Hughes et al.,
2000, and our unpublished data). Several other computer
programs based on different statistical models have also
shown promising results for binding site prediction (Busse-
maker et al., 2001; Keles et al., 2002). A significant
advantage of using a computational approach is the potential
to identify interactions among multiple TFs in regulating
gene expression systematically. Studies of interactions
among a group of factors using experimental approaches
are often laborious and can only focus on a few genes at a
time. Using statistical approaches, interactions and con-
straints among multiple factors, including their relative
spacing, orientation and location, could be identified
genome-wide and modeled with high accuracy (Beer and
Tavazoie, 2004). These types of models provide a good
starting point for experimental testing and further optimiza-
tion of this approach is likely to lead to more effective
experimental designs.
Another area that will make a direct impact on research
in Drosophila eye development is the further generation and
analysis of proteomics data. Since proteins often function in
complexes, understanding each protein’s binding pattern
will be crucial. Recently, large scale protein–protein
interaction maps have been generated for several species,
including Drosophila, using both the yeast two hybrid
system and protein mass spectrometry (Giot et al., 2003; Li
et al., 2004; Uetz et al., 2000). Several in silico methods
have been proposed to predict gene function based on
protein interactions (Lee et al., 2004; Marcotte et al., 1999).
For example, a protein network can be constructed based on
protein–protein interactions, which can then be used to
predict novel protein function according to the function of
their interacting partners. Further development of methods
that integrate additional information, such as gene expres-
sion profiles and phylogeny, is likely to result in more
complete and accurate network prediction. This is partic-
ularly important since only a very limited number of genes
can be studied in detail experimentally.
In summary, using three independent approaches of gene
expression profiling, chromatin profiling, and comparative
genomics, potential downstream targets of crucial tran-
scription factors involved in Drosophila eye development
can be identified genome-wide. Further studies of these
genes will provide the basis for a more complete under-
standing of their function as well as mechanisms of retinal
development. Such parallel and systematic strategies will
greatly accelerate the decoding of the retinal development
program. With the integration and constant feedback among
genetics, genomics, and computational biology, a global,
dynamic view of the genetic network that controls retinal
development can be obtained in a more effective and
targeted fashion (Fig. 3). Such an approach is not limited tothe field of retinal development, but can be applied to any
area of molecular biology as well.References
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